Objective: Non-steroidal anti-inflammatory drugs decrease the glomerular filtration rate. However, few studies have been conducted on renal function in patients treated with nonsteroidal anti-inflammatory drugs during the first week after laparoscopic radical nephrectomy. The purpose of this study is to determine whether short-term administration of non-steroidal anti-inflammatory drugs during the first week after laparoscopic radical nephrectomy is a risk factor for impaired renal function. Methods: Renal carcinoma patients undergoing laparoscopic radical nephrectomy in Nagoya University Hospital from April 2004 to July 2010 were identified in a retrospective cohort study. The 164 patients were divided into non-non-steroidal anti-inflammatory drug-treated (n ¼ 50) and non-steroidal anti-inflammatory drug-treated (n ¼ 114) groups. Results: Elderly patients (.60 years old) in the non-steroidal anti-inflammatory drug-treated group showed a significant correlation between the residual renal function ratio and the total dose of diclofenac sodium (r ¼ 20.277, P , 0.05). There was no significant correlation between the residual renal function ratio and the total dose of loxoprofen sodium. The time to doubling of the serum creatinine level was significantly shorter in elderly patients treated with diclofenac sodium compared with that in patients treated with non-non-steroidal anti-inflammatory drugs (P ¼ 0.034). These results suggest that renal ischemia induced by short-term administration of diclofenac sodium impairs renal function in elderly patients after laparoscopic radical nephrectomy. Conclusions: In the present study, we found the first evidence that short-term administration of diclofenac sodium is one risk factor for renal impairment after laparoscopic radical nephrectomy in elderly patients. To prevent renal impairment after laparoscopic radical nephrectomy in elderly patients, the use of loxoprofen sodium, which has a negligible effect on renal function compared with diclofenac sodium, is recommended.
INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used to relieve surgical pain. NSAIDs inhibit the synthesis of renal prostaglandins (PGs) and decrease glomerular filtration rate (GFR) (1 -5) . Renal impairment after laparoscopic radical nephrectomy (LRN) and open radical nephrectomy (ORN) is unavoidable in patients with chronic kidney disease (CKD).
The previous study has reported that renal cyclooxygenase (COX)-2 expression selectively increases (6) and treatment with a potent COX-1 and COX-2 inhibitor (indomethacin) or a selective COX-2 inhibitor (NS-398) partially prevents the renal functional changes (7) after renal ablation in rats. However, few studies have been conducted on renal function in patients treated with NSAIDs, COX-1 and/or COX-2 inhibitors during the first week after LRN. We have reported that short-term administration of NSAIDs does not affect renal function after LRN in diabetes mellitus (DM) patients; however, the number of subjects was small (8) . Furthermore, the relation between the administration of NSAIDs and other risk factors for CKD is unclear (8) .
Since the amount of blood loss in the case of ORN is greater than that in LRN and the blood loss affects renal ischemia, it is impossible to evaluate appropriately the renal function associated with administration of NSAIDs after ORN. To prevent renal impairment after LRN, thus, it is important to elucidate risk factors associated with the administration of NSAIDs. The purpose of this study is to determine whether short-term administration of NSAIDs after LRN is a risk factor for impaired renal function.
PATIENTS AND METHODS

STUDY PROCEDURES
This retrospective cohort study was approved by the ethics boards of Nagoya University Hospital. In the period between April 2004 and July 2010, we identified Japanese patients with renal carcinoma who were not on dialysis, had no active nephritis and who underwent LRN at Nagoya University Hospital. The subjects were divided into non-NSAID-and NSAID-treated groups. Renal function in patients was evaluated using estimated GFR (eGFR) values, calculated by the modified IDMS-MDRD Study equation (9) as follows: The residual renal function ratios were estimated from the eGFR value as follows: postoperative eGFR value/ preoperative eGFR value Â 100 ¼ residual renal function ratio (%). The effective renal plasma flow (ERPF) of the healthy kidney of each subject was evaluated using Tc 99m-mercaptoacetyltriglycine (MAG3) diuretic renography before operation. ERPF ratios were estimated from ERPF value as follows: Healthy kidney's ERPF value/disease kidney's ERPF value Â 100 ¼ ERPF ratios (%).
EVALUATED ITEMS
Preoperative characteristics of patients who were recorded were age, gender, body mass index (BMI), body surface area (BSA), the number of elderly patients, the presence of hypertension, DM, eGFR and ERPF. Postoperative characteristics that were recorded were eGFR, volume of blood loss, operation duration time and total dose of each NSAID. Hypertension was defined as treatment with antihypertensive drugs, systolic pressure .140 mmHg or diastolic pressure .90 mmHg. DM was defined as treatment with hypoglycemic drugs, fasting plasma glucose !7.0 mmol/l (126 mg/dl) or 2 h plasma glucose !11.1 mmol/l (200 mg/dl). Elderly patients were defined as those over 60 years old (10) . To investigate the progression of CKD, which was defined as a doubling of the serum creatinine level (11), we had followed the serum creatinine level for 2 years.
STATISTICAL ANALYSIS
The Fisher exact test was used to analyze patient characteristics including gender, the number of elderly patients, the number of patients with hypertension and DM. The t-test was used to identify differences in age, BMI, BSA, pre-and postoperative eGFR values, volume of blood loss and operation duration time. The relationship between the residual renal function ratio and the total dose of each NSAID was analyzed using the Pearson correlation analysis test. We calculated the time to doubling of the serum creatinine level using the Kaplan -Meier curves. In all tests, a two-sided P value of ,0.05 was considered significant.
RESULTS
CHARACTERISTICS OF SUBJECTS
One hundred and sixty-six patients with renal carcinoma, who were not on dialysis, did not have active nephritis and, who underwent LRN at Nagoya University Hospital, were identified. Two patients with low and high ERPF ratios (,60 and .167%, respectively) were excluded from the analysis because the ERPF ratio indicates the degree of healthy kidney function before LRN and the maintenance of renal function after LRN is dependent on kidney function remaining intact. The 164 renal carcinoma patients were divided into non-NSAID-treated (n ¼ 50) and NSAIDtreated (n ¼ 114) groups. Since only 4 out of 114 patients had used flurbiprofen axetil injection and remaining patients (n ¼ 110) had used diclofenac sodium (DF: n ¼ 56), There was no significant correlation between the residual renal function ratio and total doses of DF in NSAID-treated group (P ¼ 0.163). Elderly (.60 years old), but not hypertensive and DM patients in NSAID-treated group showed weak, but a significant correlation between the residual renal function ratio and total doses of DF (elderly: (Fig. 1A) .
There was no significant correlation between the residual renal function ratio and total doses of LP in all patients (Fig. 1B) .
THE TIME TO DOUBLING OF THE SERUM CREATININE LEVEL AFTER LRN
To investigate NSAIDs affecting progression of CKD, we evaluated the time to doubling of the serum creatinine level. The median times of patients treated with non-NSAIDs, DF and LP were 688 [95% confidence interval (CI): 642 -734], 634 (95% CI: 582 -686) and 706 (95% CI: 661 -752) days, respectively. No significant differences were identified among these patients (Fig. 2A) .
The median times of elderly patients treated with non-NSAIDs, DF and LP were 704 (95% CI: 654 -754), 578 (95% CI: 487 -669) and 730 days, respectively. There was no significant difference between patients treated with non-NSAIDs and LP. However, the time to doubling of the serum creatinine level was significantly shorter in elderly patients treated with DF, compared with that treated with non-NSAIDs (P ¼ 0.034 by log-rank test; Fig. 2B ).
DISCUSSION
NSAIDs or COX-2 inhibitors have been shown to reduce the synthesis of vasodilatory PGs in the kidneys (12 -15) . Although renal ischemia, which induces a decrease in the synthesis of vasodilatory PGs (16) , is a risk factor for renal impairment, short-term administration of DF does not affect renal function in patients (17, 18) . When we analyzed about DF and LP in the present study, we reconfirmed that shortterm administration of DF and LP did not affect renal function after LRN, a finding consistent with previous reports (8, 17, 18) .
It has been reported that the risk factors for renal impairment after nephrectomy are DM and aging (19, 20) . We have previously analyzed relationship between patient backgrounds/factors and degree of renal impairment. Unfortunately, we could not do univariate or multiple analysis because the number of subjects was very small. We have also reported that short-term administration of NSAIDs does not affect renal function in DM patients (8) . In the present study, for DM patients in NSAID-treated group, there was not a significant correlation between the residual renal function ratio and total doses of DF or LP, which is consistent with our previous report (8) . However, there was weak, but a significant correlation between the residual renal function ratio and total doses of DF, but not of LP in elderly patients that underwent LRN. Interestingly, the time to doubling of the serum creatinine level was significantly shorter in elderly patients treated with DF, compared with that with non-NSAIDs. Despite DF and LP are the same COX inhibitors, the results were different. The reason for this discrepancy between DF and LP is unknown. One possible explanation is differences in the selectivity of both drugs for COX-1 and COX-2 inhibition. Since the potency of DF for COX-1 and COX-2 are 10-and 120-fold stronger, respectively, compared with those of LP (21), DF strongly inhibits only COX-2, but also COX-1 and appears to be a higher rate in a decrease in renal function than celecoxib, a selective COX-2 inhibitor (22, 23) . A potent COX-1 and COX-2 inhibitor as indomethacin was markedly decreased in the synthesis of vasodilatory PG in a renal ablation model than a selective COX-2 inhibitor (7). In elderly patients, renal blood flow (24, 25) and urinary PGI 2 excretion (26) were decreased. Taken together with these findings, short-term administration of DF, but not LP induced renal ischemia, as a result, the renal function was impaired in elderly patients after LRN. However, a class effect for all COX-2 inhibitors has remained unclear (27) and some reports suggested that the effects of selective COX-2 inhibitors on renal function are similar to those observed with non-selective COX-2 inhibitors (10) . Further studies need to clarify the involvement of COX-1 and COX-2 inhibition in renal function in elderly patients after LRN. The renal impairment focused on the present study is based on the drug matter but not on general oncological surgery, since there was a different renal impairment between the use of LP and DF.
In the present study, we found the first evidence that short-term administration of DF is one risk factor for renal impairment after LRN in elderly patients. To prevent renal impairment after LRN in elderly patients, the use of LP, which has a negligible effect on renal function compared with DF, is recommended.
